conceptual land-use planning of contaminated sites and illustrates this method with a 23 case study of an illegal dumping site for hazardous waste. In this method, planning 24 factors consisting of the land-use attributes and related facilities are extracted from the 25 potential needs of the residents through a preliminary questionnaire. Using the 26 extracted attributes of land use and the related facilities, land-use cases are designed 27 for selection-based conjoint analysis. A second questionnaire for respondents to the first 28 one who indicated an interest in participating in the second questionnaire is conducted 29 for the conjoint analysis to determine the utility function and marginal cost of each 30 attribute in order to prioritize the planning factors to develop a quantitative and 31 economically and socially feasible land-use plan. Based on the results, site-specific 32 land-use alternatives are developed and evaluated by the utility function obtained from 33 the conjoint analysis. In this case study of an illegal dumping site for hazardous waste, 34 7 and related facilities, from the potential needs of residents by using a questionnaire. In 148 Figure 2 , the land-use attributes use are attributes A to K, and the related facilities 149 are f1 to f43. The attributes and related facilities were selected according to the general 150 urban planning principles. In the second step, conjoint analysis is applied to determine 151 the utility function and marginal cost using a second questionnaire administered to 152 respondents to the first questionnaire, who selected the extracted planning factors and 153 indicated an interest in a follow-up questionnaire. In the third step, land-use 154 alternatives are developed and evaluated using the utility function obtained in the 155 second step. Based on these three steps, a conceptual land-use plan can be developed 156 that considers economic and social feasibility based on residents' land-use needs. 157 158
First step: A questionnaire to extract planning factors 159
The first questionnaire features two multiple-choice questions and an open-ended 160 question, as shown in Figure 2 . This study assumed the following prerequisites: all 161 waste is removed from illegal dumping sites and the sites are remedied to meet 162 environmental quality standards for soil and groundwater. Therefore, any remaining 163 environmental risk at illegal dumping sites was not considered in the questionnaire. In 164 question 1, we asked respondents to select one or two opinions from 11 prepared 165 statements, as expressed by persons A to K, which correspond to attributes A to K, on 166 possible land uses following remediation of a specified illegal dumping site. We asked 167 respondents to select one or two opinions because most respondents appeared to select 168 the opinion of person K. We expected opinions other than that of person K. 169
The purpose of question 2 was to extract specific ideas related to buildings or facilities 170 if the opinion selected by the respondent (in question 1) was adopted for the land-use 171 plan following the remediation of the illegal dumping site. 172
These two questions provide factors for land-use planning following the remediation8 of a specified illegal dumping site. These planning factors are then used to design the 174 second questionnaire for the selection-based conjoint analysis in the second step. 175 176 2.3 Second step: Conjoint analysis to determine the utility function by the second 177 questionnaire 178
Conjoint analysis was applied to develop a feasible land-use plan that considered 179 economic and social aspects. Conjoint analysis is a cost-benefit analysis method that can 180 consider a trade-off between the cost and level of land use following remediation. In 181 addition, this analysis can evaluate the priority of an attribute as the marginal cost 182 related to land use, based on the utility function. 
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The probability Pi can be converted using the conditional logit model, where the random 196 part is independent of n and i:
The parameter  can be estimated using the maximum likelihood method. We can write 199 the log likelihood as follows: 200 The marginal cost of the increment in an attribute is calculated using the 204 representative component of eq. (2). The total differential form of eq. (2) analysis. Specifically, we developed alternatives and compared them by calculating the 216 utility function for each alternative. On the basis of our findings, we propose a 217 conceptual land-use plan following the remediation of an illegal dumping site. 218 219 10 3. Application of our method to an actual illegal dumping site 220
Site description 221
The illegal dumping site to be analyzed in our case study is located on the boundary of 222 the town of Takko in the Aomori Prefecture and Ninohe City in the Iwate Prefecture in 223 Japan. As shown in Figure 3 , the total volume of illegally dumped waste was 0.88 224 million m 3 , and the total area of the site was 27 ha. The site was the largest illegal 225 dumping site in Japan when it was discovered. 226
Waste, such as ash, waste oils, sludge, waste plastic and bark, was distributed 227 throughout the site (Figure 4 ). In addition, many types of contaminants were detected 228 at concentrations exceeding the relevant environmental standards (Table 1) The first questionnaire survey was distributed in Aomori Prefecture (population ca. 1.4 238 million) using the questionnaire form shown in Figure 2 , as described previously. The 239 following description was added to the questionnaire: "All waste will be removed from 240 the illegal dumping site, and the soil and groundwater will be remedied to a level 241 meeting the environmental quality standards." 242
The questionnaires were sent by mail on November 6, 2006, and were to be returned 243 to us by November 20. There were 250 target households in the town of Takko 244 (population ca. 6,500) -the most important stakeholder, because the illegal dumping 245 site is located there -as well as 2,500 target households in other regions. We distributed 246 the questionnaires in other regions of Aomori Prefecture because we believed that a 247 land-use plan should also represent the taxpayers who would pay for the remediation 248 indirectly. 249
Two people per household were allowed to complete the survey so that answers from 250 people of various ages and genders could be obtained. The target households were 251 randomly selected from the telephone directory, and the number of households selected 252 in each city, town or village was proportional to the population. There were 743 253 responses (response rate = 27%). Because two people per household were allowed to 254 respond to the survey, the number of effective answers was 919, with 141 answers 255 obtained from Takko and 778 answers from other regions. The attributes of the 256 respondents are presented in Table 2 . Elderly persons (over 60 years old), who 257 accounted for 49% of the respondents, were presumed to be retired and to receive an 258 annual pension. Therefore, there is little possibility that the high rate of unemployment 259 influenced their answers, such as those regarding business land use. 260
Many respondents were concerned about the illegal dumping sites at the boundary of 261 Aomori and Iwate prefectures; however, most had not been to these sites. 262 Conjoint analysis was applied as described in section 2.3. The attributes and their levels 314
were determined, as shown in Table 3 , by considering the two extracted planning factors 315 of industry (ind.) and community (com.), and by considering the related facilities that 316 were strongly supported in question 2 ( Figure 5 ). In addition, employment (emp.) 317 related to land use and the cost (cost) of land use were added as attributes related to 318 14 economic considerations. The levels of employment and cost were determined by 319 considering a realistic situation so that respondents could understand the scale of the 320 project and easily select a preferred land use case. 321 Table 4 shows the land-use cases that were developed by combining the different 322 levels of each attribute. In this study, there were four attributes and four levels (Table 3) . 323 Therefore, the number of possible land-use cases was 256 (= 4 4 ). According to the 324 orthogonal array method of experimental design and by removing unfeasible land-use 325 cases, 13 land-use cases were selected for the conjoint analysis, as shown in Table 4 . 326
This study applied selection-based conjoint analysis (also called the choice 327 experiment), as shown in Figure 6 , in which respondents selected a preferred land-use 328 case from three cases, including land-use case 1, in which land is used without value 329 being added, as in land-use plan I. The two remaining cases, II and III, were selected 330 from land-use cases 2 to 13 in Table 4 . This study selected the method of conjoint 331 analysis described above to allow the respondents to choose their favorite among two or 332 three alternatives; moreover, allowing for the selection of a status quo alternative would 333 be easier for respondents than other ways of collecting data, such as the rating and 334 ranking method, in which respondents are required to be consistent with their selection 335 (Hanley et al, 1998; Hanley et al, 2001) . The 20 forms with random combinations of 336 land-use cases 2 to 13 were developed, shown in Figure 6 , and the four different forms 337 were mailed to the target households. 338
The target households were those of the respondents who agreed with the opinions of 339 persons C, D, H or I in the first step of the investigation and who indicated an interest 340 in further participation in the survey. There were 45 such households in Takko and 347 341 such households in other regions. As in the first step of the investigation, two people per 342 household were allowed to complete the second questionnaire. Table 5 shows the summary of the conjoint analysis, including m  , its t-value and 359 p-value and the result of a likelihood ratio test for four utility functions, namely the 360 three target respondent groups and the combination of the three groups (total). Note 361 that all results include the answers of respondents in both Takko and other regions 362 because there were fewer respondents in Takko than in other regions. 363
The significance level of m  for each attribute was generally high, except for the 364 attributes of forest, agricultural land, agricultural land and biogasification, and 365 employment. According to the likelihood ratio test, all four utility functions were highly 366 significant at the 1% or 5% level. 367 Figure 7 shows the marginal cost of each attribute obtained from eq. (7). The 368 16 marginal cost of employment is the cost when a person is newly employed. The other 369 marginal cost is the cost when one facility or function is introduced. 370
In the group with a high regard for industry, the marginal cost of the agricultural 371 land and biogasification plant was nearly 4 billion JPY, which was much higher than 372 the marginal cost of forest. 373
In the group with a high regard for community, the marginal cost of the welfare 374 facility in a park was nearly 4 billion JPY, which is slightly higher than that of the 375 welfare facility and athletic field in a park. The absolute values of the marginal costs for 376 the group with a high regard for both industry and community were larger than those 377 for the other groups. This finding suggests that the respondents in that group were 378 more concerned about land use with added value. The marginal cost for a welfare 379 facility and an athletic field in a park was approximately 7.5 billion JPY. 380 381 3.4 Third step: Evaluation of the utility of alternatives to a land-use plan 382
The four utility functions -the three target respondent groups and the combination of 383 the three groups (total) -were obtained from the parameters in Table 5 . On the basis of 384 the utility function, feasible land uses with high utilities are discussed. Table 6 shows 385 the eight land-use alternatives developed in this study. The following section explains 386 how these alternatives were developed. 387
For industry-related land uses, only agricultural land and the biogas plant were 388 considered because their marginal costs were much higher than those of forest and 389 agricultural land, as shown in Figure 7 . For community-related land uses, all three 390 attributes (a park, a welfare facility in a park, and a welfare facility and an athletic field 391 in a park) were introduced because there was no significant difference in the marginal 392 costs between the three attributes. In addition, the levels of employment and costs were 393 assumed by considering the feasibility of taxpayers in Aomori Prefecture paying these 394 costs. Values of zero for all attributes in alternative A1 indicate that there is no added 395 value for the land use and the site is simply returned to its original state. In this case, 396 the utility function is zero. 397 Figure 8 presents the representative component of the utility function for each 398 land-use alternative. The total line for the three groups shows that all of the utility 399 values were positive. This result suggests that, overall, the respondents view land use 400 with added value as having higher merit than simply returning the site to its original 401 state. In particular, the utility values for alternatives A6 and A8 were relatively high. 402
These alternatives should be considered in conceptual land-use planning following the 403 remediation of the illegal dumping site. 404
In this case study, development of agricultural land and a biogas plant to recover 405 energy from biomass or a park with a welfare facility and athletic field were preferred 406 as part of a conceptual land-use plan following the remediation of the illegal dumping 407 site. 408 409 410
Applicability of our method to other sites 411
The new needs analysis method for land-use planning shown in Figure 1 was proposed 412 for development of a conceptual land-use plan following remediation of contaminated 413 sites, particularly illegal dumping sites, where all waste would be removed completely 414 and contaminated soil and groundwater would be remedied to a level meeting 415 environmental quality standards. The absence of waste and contamination in future 416 land use is a prerequisite for the application of our method to the other sites. In this 417 context, our method might have limited applicability. However, even in cases in which 418 waste is contained or contaminants remain at levels slightly higher than those 419 delineated by environmental standards, our method can be used after the modification 420 of the questionnaire described in Figure 2 . For example, planning factors that are 421 impossible to implement because of the associated risk can be omitted, such as 422 residential district and welfare facilities, when waste will still remain at sites. 423
Essentially, our needs analysis method with conjoint analysis is applicable to the 424 development of conceptual land-use planning for similar sites following remediation, 425 particularly when potential added value is taken into account. 426 427
Conclusion 428
On the basis of this study, we propose a new needs analysis method for developing a 429 conceptual land-use plan following the remediation of illegal dumping sites by 430 considering economic and social aspects based on the potential needs of the region's 431 residents. The following novel results were obtained by applying our method to an 432 actual illegal dumping site. 433 434 1) As a result of the first step followed to extract planning factors consisting of land-use 435 attributes and related facilities, 52% of the respondents expressed a desire to return 436 the site to a natural state, such as green land or forest, and 82% of the respondents 437 expressed a desire for land use with added value rather than simply returning the 438 site to its original state. In addition, 87% of the latter indicated a preference for 439 either local industry-related land uses (infrastructure, such as a biogas plant, and 440 local industry, such a forest and agriculture) or community-related land uses (welfare, 441 such as welfare facilities, and recreation, such as parks and athletic fields). Figure 2 ) (e.g., commercial, education) Related facilities : f1 -f43 (in Figure 2 ) (e.g., Library, park, theater) Extracted planning factors (EPFs) 2-1 Design of land use cases using the extracted planning factors 2-2 The second questionnaire for respondents who selected the EPFs and who indicated an interest in the second questionnaire 2-3 Determination of the utility function and the marginal cost
The utility function 3-1 Development of land-use alternatives 3-2 Evaluation of the utility of land-use alternatives Question 3 (Open-ended question)
Please write if you have any proposal on land use following remediation of the site.
Recently, a museum was built in Aomori city. Our town might need such educational centers.
I heard that golf couses or football grounds were developed at closed landfill sites. How about leisure facilities?
Our town has promoted activities involving citizens, international exchanges, and links between rural and urban areas. The site could be used for various types of communication.
This region is rapidly aging. Welfare facilities might be needed.
How about infrastructure, such as public transportation or biogasification facilities that recover electricity from industrial waste biomass in the region?
Person D (Attribute D) Which facilities do you prefer if the opinion you choose in question 1 is adopted for land use following remediation of the site? Please select one for each opinion chosen in question 1.
Recently, I heard that a big supermarket was built at an old factory site in Osaka. Our town also needs such commercial facilities because there are few places for shopping in our town.
Person A (Attribute A) There are cases where condominium buildings are constructed on old factory sites. An idea to use the remedied land for a residential district might be possible.
Person B My opinion is that not only existing industries but also new industries should be promoted using the site. For example, in Vancouver, a old factory site was turned into a magnet for tourists where there were many art studios.
I think that we do not have to spend much money for land use at the site. 15.51 15.51 Significance *** ** *significant < 0.1, **significant < 0.05, ***significant < 0.01 *significant < 0.1, **significant < 0.05, ***significant < 0.01
Total
Group with a high regard for industry Group with a high regard for community Group with a high regard for both industry and community A1  A2  A3  A4  A5  A6  A7  A8 
